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INTERFACE CONTROI. 
EDaj> OF TBE INVENTION 
The present inventLoiirelatBS to an intcrf ace.controL More 
paxticuiady, the present inveadon relates to an interface 5 
control device whidi allows a user to csontrol the operation 
of conqnitef applications, xoachincry, and video games. 

B AGKI3lOUNX> OF TBE INVENTION 
Joystick contiQb have been employed in a wide variety of 
applications, induding computer software, indnstrlal 
machinecyy and X]dultimedi& interfaces to control the posi- 
tipning of an object displayed on a screen, snch as a cmsor 
cr pointer. A Q^cal prior ait joystick includes a gimbaHed 
stick pivotally coopled to a flat base pcrtton. Angle sensors ^ 
coupled to the gimbaUed stick generate position control . 
' signals in response to a user pivoting the gimbaUed stick 
relative to the base portion. Hiese control signals are used to 
manipulate the position of the cursor: A dqressJble switch 
coupled to tiie top of the stici: is used to generate a trigger 
control signal for inqsletcenting various functions, sacii as 1 
selecting items from a pnU down menu or causing a ciiar- 
acter in a video -game to yampi 

The stractore of these ^mbaUed joystick, controllers 
makes fhem somewhat difficult to op erate. Rotating the ami ^ 
and wrist to oontrd positioning functions (i.e.» pivoting the 
stick) while pressing downward with the thumb or finger to 
manqjulato trigger iuncrions requires a fair amotrnt of prao 
tice and coordinalion. Further, requiring a user to simulta^ 
seously combine these motions may lead to an inadvertent ^ 
change in tiie positioning of a qjusor v?hile implementing a 
trigger fonction. For instance, in a point-and-shoot 
operation, vrticre a user first positions the cnrsor onto a target 
on the di^ay screen and then activates the td^er function, 
depressing "die trigger switch with the tlmmb or finger often 35 
results in slight movements of the arm and/or wrist, fliereby 
causing the cQTScr to slip off the target. This phenomenon ^is 
commonly ref etied to as cursor creep. 

The conveiitional joystick controller described above has 
the fnrflier disadvantage of undesirably requidng flae use of ^ 
two hands, i-e., one hand to hold the base of the controller 
and the other hand to c^eratcthe controEer*!? stick- The only 
manner in which these cohtroSlcts may be operated with one 
hand is to place the coiitixiller on a" table or other flat surface. 

Other joystick controllers have been developed in 45 
response to the above-mentioned problems. One such con- 
troller includes apivotiag, handgrig>-Bhaped stick having one 
or more squeezable trigger switches built into a side pOErtion 
of the handgrip. The positioning of ait image is controlled by 
pivoting the handgrip, while the trigger functions are con- 50 
trolled by squeezing the trigger switches with the fingers. . 
■ Altbou^ in such a design the posirioning. controls are 
somewhat isolated from the trigger function controls (Le., 
squeezing flic trigger switch with the index, finger is not 
likdy to cause as much of an inadvertent change in position 55 
. as would depressing a trigger switch on the top of the stick 
with the thumb), cursor creep is' nevertheless a problem. 
Further, such a controEer requireis the use of two hands or, 
alternatively, a tabletop suppat. ' 

Some have attempted to develop a one-handed controller eo! 
by simply reducing , the size of conventional joystick con- 
trollers. These controllers fit within a user's hand, where the 
thumb, resting atop the stick, controls- the positioning func- 
tion. The trigger ftmction is controlled by squeezing a trigger . 
switch located. on the side of the controller's stick 65 

These roiniatnrized versions of conventional joystick con- 
trollers arc for the most part clumsy and ineffective. Merely 
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Teducdng 4faB size of a controJler designed for two-handed 
operation so as to be operated by one hand sev«ly limits 
the precision wifti which a uscx may control a cttb^x. 
Furtiier, these miniatncBCd controUas arc ineffective in 
5 isQlating tdggex controls £rom positioning controls. Indeed, 
squeeziisg a trigger switch with, for cxaxople, the index 
fiTig er typically causes the controller sticfc to move forward, 
thereby rcsnlting in undesirabie vertical omsar creep. 
Tins undcsiratte intEradion between positioning and trig- 
10 gcr controlfi of mmiatore joysticfc controllers, coapled with 
users' comg>laints of infeiiar ergonomics, has led others to 
rcvcat to the mm prianitive two-handed video game con- 
troDer shown in FIG. 1. Controller 1 has four fceys 2o-2J. 
clastcred together in a jarst poitioh of controUcr^l and three 
15 keys 4o-4c grorped togeaher in a second portion of con- 
troUer L Keys control the positioning of a displayed 

object (such as the hero of the video game) by genoating 
distal i>osittoning signals in response to a nsci depressing 
one or more of keys 2a-^ Keys 4a-4c control various 
20 tdggCT functions ^e., start-stop, jun^), shoot, f5ar exarqile). 
The controiJla: shown in FIG. 1, although virtually eJindnat- 
ii^ inadvertent interaction between jaositiomng and trigger 
controls, nonethcicss icquatcs •fibe use-bf two hands. 

Thns , there is a need for joystick controller which may be 
^ operated in one hand. There is also a need for a controller 
having impxn^ed precision andrcrgonomics. Sndi a device 
shoold also isolate positioning and trigger controls, thereby 
diminating cursor creep and otiier inadvertent portion 
control signals prodnced during activation of tagger fnnc- 

^ Hons: 

SUKIMAKV' OFTHE I^^VE^^:ION 

In acccErdancc with the present invention, an. interface 
35 control is disdbosed which offers users superior performance 
and ergonomics. In the prcf ezred embodiment, a fhuinbjnece 
is slidahly dteposed wifhdn a longitudinal am member 
having a fiist cndplvotally coupled to a fixed point The arm 
.membcx may pivot about die fixed point such tisat a second 
end portion of tht arm mahber follows an arcuate path 
having as its center the fixed pcnnL The thunabpiece EHdc^ 
back and forth along flie. lohgitudmal axis of the arm 
mecbbec A first sensor coupled to the arm member in a 
re^on proximate to the fixed point senses the angular 
45 position of the ann member. A second sensor coapled to fiie 
1hmi^3piec& senses fiie linear movesmedt of the fhnmbpieoe 
sedative to and longitudinally aloi^ the arm member: A third 
' sensor coi:Q>led to the timmbpiece -senses a downward force 

exerted upon the thumbpdece. 
50 The interface control may, in one exhbodiment, comfort- 
ably rest in tiic palm of a user's hand. Positioning the fingers 
along the underside of ftie intcrfacfc control, a user places the 
thumb in the fimmbpiecc. The user controlfi the hcaizontal 
positioning of, for exanqile, a cursor by causing the arm 
55 member to pivot edfiier to the right or to the left about the 
fixedpoint This roDtion is detected by the first sensor, which 
in response thereto causes the cursor to move either light or 
left, respectiyciy, on a display screen. The vertical position- 
ing of the ciirsor is controlled by sliding the fhumbpiece 
60 along the length of the arm mcmLber. The second sensor 
detects this linear movement of the thmnbpiece and, in 
• response thereto, causes the cursor to move up and down on 
the display screen. A user may implement trigger functions 
by exerting a downward force oh the thumbpiece. This 
65 pressure is detected by the third sensor wiiich, in tarn, causes 
some predetemuned function to be implemented on the 
display screen. 
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Ih another cmbodimBUt, fhcs iongimdiiial arm. member is 
disposed wimin a tmcfc defining an arcuate path 
being coupled to a fixed pivot point. In ttiis embodiment, 
pasitianing and trigger functions are controfled m the same 
manner as described in tiie preferred embodiment. By mov- 
ing the aimmembcr along the arcuate path as defined by the 
tiacfcr the tfaumbpicce foUows an arcuate path having as its 
center a virtual pivot pcant. A sensor coupled to the am 
mcanbcr senses the arcuate movement of the ama member 
relative to tiie interface control and in response thereto 
genta^tes a haiizontal positioning control signal The vcrti- 
cad posidoning of the cursor and tdgger functions are 
inq>lenfflnted as described above in connection with the 
pref cued embodiment. 

Embodiments of the presoitiixvention isolate the ti^gcr ^ 

function from the positioning controls. The downward force 
used to mg>lemBnt a tri^er function will always be ortiiogo- 
nal to those motions of the thumb which are used to conircl , 
the positionmg of the cursor, regardless of the posshons of 
the "aim member or thambpiecc This orthogonal leOation- ^\ 
shh> prevents a user 3&am inadvcxtentty altering the posi- 
tioning of fibe cursor when trying to inqilemcnt a tagger 
ftmction. . ^ ' 

Embodimeats in accoidanoe with the jaresent invention ^ 
also achieve snpctiar «igonomics. The aim member is 
preferaWy of a length ap^oxhnat^ equalto that of an adult 
thumb-where, differentl&ngtfa arm mmih ers can beprovid^ 
for different size hands. Together the arm member, which 
rotates tofonaan arcoale path, and the tfanmbpiecc,wh^h 
sKdes along the length of the am mcmbcc, emulate the 
natoial pivoting and curling/extending motions of the 
fbumb,req)ect5vriy. The result is acamfortahle,p and 

easy to use interface control- 
In another embodhnent, additional trigger switches arc 35 
provided wifliin ca:vilies formed in the undexside of Ihe 
interface control The fingertips of the user's hand, e^ 
comfortably nestlcd within an associated cavity, controa fee 
operation of the additional tnggei switches, whidi may be 
used to imj^cment numerous othec functions, 

Embodiments of the present invention are usable as an 
interfabe between a user and a madilne where fee macfame ^ 
carries oat some predtrtermined function in response to 
commands issued by the user: In one embodhnent, fOT 
instance, the user may oontirol fee mechamcal opcrahon of .45 
construction equ^ment. In another enibpdiment, fee nscx 
may control moveable elements on a diftplay screen, suc^ as 
a cursor m a software application or an bisect in a video 
game. ' 

This mvention witt be more fuUy mdcrctood hi view of 50 
the foUowing description talaai together with fee dra^migs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

PIG. 1 is a prior art four-key cluster joystick controller; 

FIG. 2 is a plan view of one embodiment in accordance 
with fee present invention; 

FIGS. 3Aand 3B are side and end views of fee embodi- 
ment of FIG.' 2, respectively; 

FIG. 4 is a perspective view of a porUon of fee embodi- ^ 
mentofFIG. 2; 

FIG. 5 shows ottB embodiment m accordance with fee 
present invention restirig in fee palm of a user's hand; 

FIG. 6 shows anofeer cmbodmicnt in accordance wife fee 
present invention; 

FIG- 7 is an end view of anofeer embodhnent in accor- 
dance with fee present invention; 
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FIG. 8 is a plan view of yet another embodimeiit in 
accordance present invention; 

BIG. 9 shows the erobodainent of FIG. Z used in conjnno 
tion wiai the prior art controller of FIG. 1; and 
5 KtGS, 10, n and 12 are plan views of three other 
dnboditneaits in accordance wifti the present invention. 

DETAILBD DESCaOEnON OF THE 
PRE3FEE^RED EMBODIMENTS 

10 In accoErdance witii the present iaivention, an interface 
control i& disclosed which allows a user to shnnltaneoasiy 
control both a trigger fanction and the positioning of a cursor 
throu^ a single contact surface ufiing only tiie thnmb. In the 
pr€fccrcd cnibodajncnt showa in EtGS. Z, 3A, 3B. 4 and 5, 

15 a hand-heW interface control 10 is provided in sappoit 12 
-which inclndes base plate 14 and side wall 16 having first 
ronnded end poErtion 16a; second rounded end jportion 16&, 
and side portions 16c, .16d connecting rounded end. portions 
16a,l€b. Tbp plate 18 (FIGS. and is jffovidcd above 

20 side, wall 16 and encloses a portican of support 12. Urngi-- 
tndinal arm nicmber 20 (FIGS. 2. 3A, 3£B, 4, 5) i^ dlspo^ 
in andpivotally connected to support 12 (FIG. 2) at point 22. 
/am-men^ 20 may be connected to SK^tport 12 by any 
saleable means, such as bolt 23 CHGS; 2, 3A, 3B, 4, 5), 
25 an appropriate bearing surface whi(±aUowBBnnLincinber20 
to pivot about point 22 as in&cated by anxws 2Sa, 25b (Ha 
2). As will be explainBd below, the resistance provided 
between (1) aim member -20 and base plate 14 and (2) 
thumbpiece 28 and aim member 20 may be a^sted to a 
^ level sultaMe to the needs of a particular user or ^Egplicarion. 

FffSt sensor 26 (PEGS. 2, 3A, 3B) is conpled to ann 
jncmbcr 20 and senses the angiilar rot|ation of arm menabcr 
20 about point 22. First sensor 26, preferably a rotary 
resistive potentiometea: aKhoQ^ ofiicr appropriate sensing 
structures sudfci as capadtive sensc^s, for catanjple, can also 
be used, generates first positioning agxisHs indicative of the 
dirpction and magnitude of arm mr.mbeg 20's rotation about 
point 72>. 

RefcEdbigtoiaGS,3Aand4, arm member 20 has cavity 
^ 30 farmed at one end flicreof. Gravity 30 is bounded on either 

side by side walls 20c, 20& which have f mmcd thcrean 

grooves 34a, 34b (groove 34h whidi is f omed within side 

wall 2db, is not shown in FIG. 4). 
45 Thumbpieoe 28 (FIGS. 2, 3A, and 4) is sKdably mounted 

within cavity 30 of arm member 20 and may sUde along the 

length of arm member 20, as indicated try arrows 32^. 37Jb 
(FIG. 2). Outwardly protruding flanges 36a, 36& (FOG. 4) 
provided on ftic sides of Ihumbpiece 28 matingly couple 
«i wife grooves 34fl; 34i» formed in side walls 20c^ 20fe, 
respcctivciy. of armmcmbcr 20 to fadlitate the sKding of 
thumbpiecc 28 along the length of aim member 20; Curved 
contact surface 38, which is provided on a top surface of 
tiiumbpiece 28, engages the thumb of a usa operating 
55 hand-held interface' control 10 ^GS.-2, 3A, and 3B). 

Shaft 40 (FEGS: 2, 3A) has a first cndfixably moujated to 
a bottom smf ace of thumbpiece 28 and a second end slidably 
disposed within second sensor 42. Second sensor 42, which 
is disposed wi&in armmcmbcr 20, detects the linear move- 
60 ment of shaft 40 {and thus the linear movement of thmnb- 
piecc 28) T€iLative to sensor 42 and generates second posi- 
tioning signals indicative of the posiUon of thumbpiece 28 
relative to arm member 20. 

Second sensor 42 is preferably a linear resistive potenti- 
65 ometci; If arbtaiy potentiomster is used as second sensor 42, 
thmnbpiece 28 may be coupled to the potentiometer by a 
conventional rack: and pinion gear. It is to be understood. 
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however, that any other smsing device capable of detediiig 
dflicr motion or pressure may be used as first staas or 
. BBCond sensor 42 in interface control 10. Although first 
senscET 26 and second sensor 42 jseferahly prodoce analog 
positioniag signals, interfece control 10 may also employ 5 
sensors which pro«ittce distal positianmg signals. 

A third sensor 44 (FIG. 3A) is secured to a bottom sorf ace 
of aim member 20 so &at third scaisor 44 moves with arm 
member 20 abodt point 22 (FIG. 2). A bottom snifece of 
•&ird sensor 44 ism contact with and sUdes along (^cn arm 

menibar 20 pivots about pohit 22) a tcp snrface of baseplate 
14 (FIG. 3A). When a nser exerts a downward pressure iQwn 
femnbpdBce 28, third sensor 44 Migages base plate 14 and in 
response thereto genexales a trigger control dgnaL Ttod 
sensor 44 may be any cohventlonalpressiire seaisitive device " 
which converts a pressure mto aa electric signaL In one 
embodiment, third sensor 44 is a imcroswilch of well bnown 

design. 

A user cradles hand-held interface controllO in tiiepahn ^ 
of his or her hand, positioning his fingers along the und^ 
Bide of boitom plate 14 and restmg his &mnb on curv^ 
contact «iniace 38 of -fhumbpiBce38, as shown in^G.S. 
Uong oiily his thmdb, the user may control the horizontal 
andvcj1icalpositionmsof,formstance,acaisaranadisplay ^ 
screen, as wdl as implement various related functions (such 
as sheeting options from a pull-down menu). 

The horizontal posUioning of the cursor is man^ulatedby 
pivoting arm member 20 about point 22, whereby arm 
member 20 traces an arcuate path as indicated by arrows 
25a. 2Sb CraG. 2). Krst Censor 26 , in response tt> the arcuate 
motion of arm member 20, generates a first positioning 
signal which controls the horizontal positioning of a cursor 
. on a display screen indicative of the angular position of arm 
member 20. For instance, to move the cursor to the light on 35 
the dispUy screen, the thumb (resting m thunibpifice 2S) IS 
used to move ami meniber 20 in an arcuate path to the ri^t, 
as indicated by arrow 25a- 

Erefeiably, arm member 20 is of a length ( measure d 
between portions 16a and l€b of side wall 16) ^pproxi- 40 
mately e^ial to that of the user* s tiiumb so feat whoi a user 
. places the thumb on contact surface 38 of ttiumbin^ 28» 
the user' s large thumb jcnnt is immediately above point 22. 
The length of aim member 20 may be of varying lengths so 
asto accommodate different siTchands. As discussedabove, 45 
arm member 20, pivoting about point 22, travels in an 
arcuate path between sidewafls 16a, 16fc of interface conirol 
16. This arcuate pafli emulates Hip natural moticm of the 
thumb as it pivots about the large thun^ joint, tiicrcby 
resulting in a natqral and ergonomic iclaliohship bdweeh. 50 
the thumb and ann membca: 20. Hence, interface control 10 
uses fee natural arcuaic motion of a user's dmnob to effect 
Ihxear changes in the horizontal positioning of a cursor on 
the display screen. 

The vertical positioning of the cursor is controlled by 55 
slidingthumbpiece 28 along the length of arm ineiiiber 20 as 

indicated by arrows 32a, 32b (FIG. 2). Second sensor 42 
detects the linear movement of feuml^iiece 28 and, in 
response-thracto, generates secondpositioning signals which 
control the vertical positionii^ of the cursor. For instance, to 
move the cursor up or down on a display screen, the user 
simply uses his or her thnmb to move thumbpiece 2S away 
from or towards point 22. This movement is easUy achieved 
by extending or curling the thumb. Note that by positioning 
the fingers on the bottom side of baseplate 14 » the combined 
movement of the fingers assist the thumb in the curling and 
extending motions. 
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HiggcT functifms are inqilcmeiited: by excztuig a dorwn- 
ward pressure (usmg fiie thumb) ypon fo a mb|iiece 2S, Third 
sensor 44 censes £his donoxward pressure and, is. response 
ther^, generates a txigger control signal Depending upon 
5 the jftarticalax af^Iication wifli which interface control 10 is 
being used, ttiifi txigger control signal may iroplemcnt a 
•variety of Auctions. For instance, in conQyatct software or 
interactive ^stems, fiiis trigger control may select items 
from a menu. When used with a yidco gamc» for cxsanpl^ 
10 this triggex control Tosy cause a character to junqp. 

The downward pressure exerted by the fliomb to imple- 
• ment a trigger control Rtgngl is always oitibogonal to the 
thumb motions used to control harizontal .and vertical ■ 
positioning, regardless of "die angular position of atmmemr 
15 bcr 20 or the Hnear position of ttmrnhpiece 28. This oitbogo- 
- nal rdationsln^ el^iinat&s undesirable interaction between 
the trigger control and the positioning controls and thus 
prevents cursor creep. A user, when exerting a downward 
pressure on thumbpiece 2S, is not likely to inadvertently 
20 pivot or extend/carl the Qmxnb (\(^cb'would cause a change 
in the positioning of the cnrscr). Thus, by isolating the 
trigger and positioning controls, as described above, .inter- 
face-control 10 provides-advantages over-conventiGhal joy- 
stick, controllers which suffer ficom cursor creep problems. 
^ EIG. 6 shows another embodiment of the pi^ent inven- 
tion. Interface control :50,-ftio qperation^ofwhichis idcnticaL 
to that of interface control 10, indtudes^all the-components 
erf interface control 10 plus additional features described 
below. Interface control 50 includes two groups of cavities 
^ 52a, S2h, and 52c and 54<3, 54iv and S4c foamed in the 
bottom surface of base plate 14. When a user cradles 
Interface control 50 in the left hand, the tips of the feree 
fingers closest to &e thumb may comfortably rest within 
associated cavities S2a~S2c, Bach of cavities 52^, S2b, and 
^ 52c has an associated, switch S6a, S€b^ S6<^ respective^, 
disposed therein so that each of the user's fingcis niiay 
activate one of associated switches S6a, B€b, S6c while 
holding interface control 50. Switches 56a, S6b, 56c, when 
depressed by tiie user's finger tips, genezate second, third, 
*^ and fourth trigger control signals, respectively, for implc- 
ntenting additional predetcmiined functions. 

!hi a giTnilar TnnTm er^ a right-handed user may place one of 
the three fingers dasest to the &umb (of the right hancO ^ 
each of cavities 54*^ 54t, and S4c to qjerate assodated 
switdies SSa, SSb, S8c, which, lifce switches 56a, 56&, 56c; 
generate second, third, and fourth txiggGr control signals, 
respectively, for in^leznenting various predetenrriiied func- 
' itions. 

50 if additional control signals arc desired for iaq>lenQ&nting 
even more predetennined functions, control circnitry may be 
added so that the simultaneous depression of two of nunre 
swittiics 56a, 5^, 56c: (or 58a; 58f?, 58c for right-handed 
users) generate these additional control signals. For instance, 

55 simultaneously dqaressing switches S6a and 562?. (fca: left- 
hand cpciation) or 5Sa and 586 (for right-band operation) 
may generate a fifth trigger control signal. 

FIG. 7 is an end view of another embodiment in accor- 
dance with the present invention. Interface control 60, which 

60 operates in a manner Identical to interface control 10 (FIGS. 
2, 3A, 3B, 4, and 5), includes a plurality of first detents 61 
formed on the top surface of base plate 14. One second 
detent 62 is provided on the bottom surface of arm. member 
20 such that as arm member 20 pivots about point 22 (not 

65 Shown), second detent 62 moves between pairs of fiie 
plurality of Jorst detents 61. Arm member 20 may preferably 
come to rest-only at those positions where second detent 62 
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is positioned between a pair, of first- detente 61, fherc^ 
providing arm memiber 20 wi&i a discrete ximnber of dick 
stc^js. These didc stops may add inccBased Etafaiiity and 
OQXdrol to &e posxtioniiig oantrolB of ijntciface connd 66. 

The esnbodimsnts in accordance w£& the present inven- 5 
tion arc advantageous over conventional joystick control- 
Lers. Indeed, intexface controls 10 and 50 are sidtatle for 
oncKbanded operation, thereJjy leaving the nscr's other hand 
&ce to pccfGEnn crtfaer tasks.. Hus 0£i&-hand|ed operatiou also 
eiizninates &o need txss a'flat stoface, as required when osing 
a mouse or operating fxniventional joystidc interface con^ 
trols with one hand. 

Using the lhamb to cCTtiol positioning functums contdb- 
utes to the eupctior crgonoxnic& of intaface controls 10 and 
50. As mentioned above, conventional joystick oontroUcrs 
require various combnintions of wrist and arm Tncrvcmcnts to ' 
control the positioning .of a co^or and additional finger or 
thmnb motions to control trigger ftmctions. Such unnatural 
combinatibons of motions necessitate training and practice in 
order fox a user to become proficienL This is espedally true 20 
as the size of such a control is reduced. Unlike conventional 
controllers, embodiments in accordance widi fiie present 
invention (1) isolate the hodzontal and vertical posHioning 
functions from each other and (2) isolate the posltionxng 
functions &om the tnggcT fcmctions while simultancoasly 25 
allowing both functions to be controHed by a single user 
contact point The r^ult is an interface control which aUoPArs 
Qsers to Issue.yerticaland.faQrizontal positioning coxcnnands 
in- concert for smooth- and precise znotions-along-both axes 
(Lc, a diagonal motion), as weill as irnplementing trigger 3Q 
fuhctiohs wrtfaont inadvertently alteiing those positioning 
conomands. Fnrtiicc, the interface controls described herein 
. allow users to control both positioning and trigger control 
functions with single, intuitive thumb motions. 

When a user traces his or her thunob across &e tips of die 35 
fingers, every joint in his or her hand moves in concert to 
facilitate the thmnb? s motion. This opposed position of a 
user's thuxnb relative to his or hex fingers and pahn is 
utilized by interface controls 10 and 50 to adiieve a Gcmr 
fortable and natural intsiface between the user and a 40 
machine (such as a conipater). Indeed, by positioning a 
user^s fingers along the bottom surface of base pla^ 14 and 
his or her thumb in thnmbpiece 28, interface controls 10 and 
50 operate in a manner consistent wiQi the tibumb^s natural 
motions. By t^dng advantage of the t^mnb's fall arcuate 45 
motion about the largo thumb joint and the ihmhb' s excellent | 
hnear muotlon, interface controls in accordance with Ihe 
present invention allow a user to quickly and^ easily position 
a cursor or pointer on a display screeiL The siQ>crior ergo- 
nomics of the above interface controls affofd users a high ^ 
degree of precision and efficiency'' without the. extensive 
practice and graining required of conventional joystick con- 
trollers. This accuracy and ease of use makes the i^esent 
int^ace controls cspcciaDy well suited for CAD or any 
otiicr con^ntcr illustration systems. 55 

Thefiictional coupling between elements of &e preferred 
ranbodimcnts may be man^ulated to adjust the 'Teel" of 
interface controls 10 and 50. For instance, contact surface 38 
(FIGS. 4 and «) of thumbpiece 28 may be shaped With 
respect to the top surfaces of sidewalis 20a, ZOfr- so that tiie 60 
sides of a usa-*6 thmnb arc in ficictional contact with side- 
waUs 20fl, 20fc. This ftidional contact may increase the 
stability with which thumbpiece 28 slides along arm mem- 
ber 20, thereby increasing flie accuracy of vertical position- 
ing of a cursor. 65 

In a similar manner, the fiictional coupling between third 
seQSor 44 (FIG. 3A) and the top surface of base pjate 14 of 
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housuig 12 may be adjasted to increase fhe accaiacy of fiie 
'facxizoxitBl posiiioxiiiig control of interface conlrolfi 10 and 
50. Far esanqde, a strip of Teflon Tnatsrial (not shovtm) may 
be provided between third sensor 44 and bottom plate 14 to 
5 achieve a desirable "silky" feel when a user pivots aim 
member 20 ebout point 22 (FIG. 4). The Tteflon canscs drag 
to progressively increase as fhmnbpieoe 28 is depressed, 
withont any significant increase in st^c fiiction. This result- 
ant increase in drag contdbotes to an increased stability in 
performing drag-select operafiojis in which the trigger 
switch is depressed wlule the cursor is moved &am a iirst 
positidi to a second position (as in M^lighting text in wca-d 
^ processing programs). 

FIG. 8 shows another embodiment in aooordance with the 
22 present izrvendon. Xnteif ace cantrol 65 indndes arm member 
29 slidably disposed on conventional carved guide tracks 
64a, e4b within si^sport 67. Tracks 64c:, 642> define an 
arcuate padi having as tt^ center virtual piVot point 66. Arm 
mcmbtr 2? slides along this arcuate path as indicated by 
20 arrows 25a» 2Sb as if arm member 29 were pivoting about 
virtual pivot ■ point 66, Disposing arm member 29 wi&in 
tracks 64^^ 64b in this manner eliminates the need for arm 
member 29 to be coupled to a fixed pivot point, as is arm 
member 20 of interface control 10 (EIGSL 2, 3A, 3B, 4, and 
25 S), and therefore allows for interface control 65 to be of a 
significantly smaller size. Thumbjaece 28 is slidably dis- 
posed within ana member 29 and slides along the length of 
arm member 29 as indicated by arrows 32c^ 322^. 

The positioning and trigger fhncttbnsof interface control 
30 65 are controlled in a maimer identical to those interface 
control 10 as described above (see FIGS. 2, 3A, 3B, 4, and 
5) and will thus not be described here, interface control 65 
possesses aU of the advantages discassed above with respect 
to intecface control 10, including allowing users to control 
35 the operation of applications with sin]9l& and intuitive 
motions tiiat closely< emulate the natural motions of the 
human thnTn'h and isolates positioning controls (1) fixsm each 
other and (2) fiom trigger controls as described above. 
Likewise, interface control 65 may be also beprovided with 
40 the fiiction coupling and feedback features described above. 
The embodiments described above may be used in virtu- 
ally any application which requites an interface control 
between a user and a machine. Embodiments in accordance 
wifii &e present invention may be used to control the 
45 operation of a construction crane or boom. Interface controls 
10 and 50 are ideal for replacing the mouse or trackball in 
computer software appiUcations such aE word processings 
dat^iases, and spreadsheets. For instance, interface oontrol 
50 of FIG. 6 (see also FIGS. 2, 3A, 3B, 4; and 5) is well 
5D suited for use with video games. As described above, 
Chuxnbpisce 28 may be used to control the positioning of a 
character in the video game. By depressing thumbpiece 28 
so as to activate third sensor 44, the user may inggjleoanent 
various predetermined functions, such as starting/stopping 
55 the game and selecring game options. Switch 56fl (58o for 
right-handed useas) may, for instancey cause the character to 
jun^). Switch S6b (586) may cause the character to fire a 
bullet, ^d so on, 

Ernbodiments of the present invention may also be incOT- 
60 porated into conventLqnal two-handed video game control- 
lers (see FIG. 1) to provide a superior video game interface 
controL Fcr example, positioning control keys 2a, 2h, 2c, 
and 2d (FIG. 1) may be replaced by interface control 10, as 
illustrated in FIG. 9. Two-handed video game controller 90 
65 has disposed within a first portion thereof a portion of 
interface control 10 of FIGS. 2, 3A^ 3B, and 4. For pnqjoses 
of clarity, not aU of the components of interface control 10 
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axe labellecL Anhxiucmjbcr 20 and timmbpieo& 2& control the 
posUioxnng of objects ^c.» characters of a video game) 
displayed od a screea in the sacme manner as described 
previoudy with reference to FIGS- 2, 3A, 3B, and 4, while 
keys 4a, 4fc, and 4c inoplcincnt^ various trigger Sanctions. 5 

The above described interface pontrols niay be mounted 
in virtoally any endosnre, incijidlng (but not iimitod.to) 
control panels, automobne dashboards, stecdng wheels, or 
handgrips of other interface controls. For instance, in one 
snch embodiment, base plate 14 (HG. 2) may be cfisposed 
within the handgdp portion of a floor-iriounted lever arm 
control, Lc, a transmission selector in a vehicle, to provide 
users with a si^erior. means to control snch tilings as tlie 
vehicle's nayigatioQ system cr. cammurdcatiQns with the 
vehide's on-board computer system^ 15 

In another embbdiment, interface controls in accordance 
with the present invention may be disposed within a control 
panel stidi as tiic dashboard of an antomoblle, boat, ox even 
an aiiplane to provide control over certain (derations. For 
examgpie,.iiitedfocecoatitdlOniaybenK>aiitedin&eoonttcl ^ 
.panel of constractipD equipment to control the operation of 
a boom -or oaner A control panel-mounted inteEmce-control 
10 could also be used to manually control, for instance* the 
processing operations of an industrial appUcation or the j 
positioning and fixing of lasers in medical ^plications. 
These cnibodimcnts, like those discnssed^above, are advan- 
tageous ^ce multiple control functions (1) are disposed on 
ia. single contact soxface and (2) are isolated &om one \ 
another. t 

30 ' 

Some of the cigonoacaic advantages discussed herein may 
be comypsromised in order to provide a user iriteaface control 
capable of controlling pc^dtiomjig in three, rather tiian two, 
directions. In one such cmbodttncnt in accordaiioe with the 
present invention, various elements of interface control 10 
may be incozporated into the handgdp of. a conventional 
full-size joystick: to provide three-dimensional positioning 
control as well as trigger functions. 

FIG. 10 shows interface control 70 including gimbaUed 
stick 72 having formed at one end an indtined, elongated ^ 
upper portion 74. Formed within top surface 76 of upper 
portion 74 is secondary interface control 80 'v^ch includes 
aU the features of and operates in a similar manner to 
interface control 10 (FIGS. 2, 3A, 3B, and 4). Secondary 
interface control 80 preferably has thumbpiece 28 fixahly 45 
mounted wifbin arm member 20 so that thomlTpiece 28 may 
not slide slong arm member 20, thereby elimnoating the ncc^ 
for second sensor 42 as well as groovre 34a, 34& and flanges 
36a, 36b (HG. 4). The other end of stick 72 (FKi 10) is 
pivotally mounted to a base paction (not shown) having ^ 
sensors which genexate first and second positioizing signals 
in. response to stick 72 pivoting with respect to "flie base 
portion, as discussed above in reference to conventional 
joystidc controllers. 

A user cuxls the four fingers of his cr her hand around stick 55 
72 and places theihumb in thumbpiece 28 (FK3. 10). The 
user controls the horizontal and votical positioning of, for 
instance, a cursor displayed on a CRT in a conventional 
manner as described above, i.e., by pivoting Etiek 72 about 
the base portton. The user controls the depth positioning of go 
the cursor with the tiinmb by pivoting arm member 20 about 
pivot pcrfnt 22 (see FIG. 2). Trigger functions are activated 
' by pressing downward oh thumbpiece 28 (as discussed in 
reference to interface control 10). 

Various formfl of feedback may be added to the above 65 
described embodiments to provide a user with additional 
information about the particular application he or she is 
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S^^^'^^ce. aim member 20 of M5f''=li°'^i" 
fFIOS. 2, 3A, 3B, and 4) inay bo fined with i first artu^ 

K i;i^nsc'to a tot feedback ^gnal p«=v«^^ 

' in ifacateimative, alters the Mctionalccmtectbetwwn 
am ineniber 20 and base plflte 14 so as to alter file ease with 

vvhidi arm member 2* pivots. • ' 

Ref cning to FIG. 11, interface control 80, the opaattoa (rf 
,n vAichisidenticaltothatafinteafacecoiitrollO,indad^ 
of file conmcneaits of intaf ace control 10 plus addition^ 
features described below. For pmposes of dailtjr, not dl Cff 
the conmonents of interface coBtrol 80 common wifli &ose 
of intBEface control 10 ate shown. Arm mranbex 20 ott 
intofacecontrolSOhBSConplBdflieretodcctroniagneticcoil 
82 wWA, in mm, is wonnd around a conventional fMTfflus 
. . cDie (not shown). Shaft 84 ertends along =^ n'*"^*? 
andhas iflrst cadmalingly cotqiedto anifacese of a*ewaa 
Ififc. A second end of shaft 84 extends fhrcragh coflM and 
- ie coupled to ir<in armature 88. iiP«*=^ 
^ «,riti™ed as dose to coD 82 as posdWe. When a first 
feedback cnnoit is provided to «ai 82, toe reaiUtontm^- 
^fieldprodncedl^.coaWattiaetsaxmamwWtoj^ 
:^ coil 82, thereby causing the first md of d>rft « to s^ 

i.;s „ towards and press against surface 86 of odewall 1». Tbe 

'^:f l^LtantfeaSsefaifiictional coupling between aimmn^^ 

if? bar 20-and ^aewaU resists m jivoting mowanent ot 

lul arminembcr20rt>ontpoint22 In other WOTd$,coilS2r^irft 

g4. and armatnre 88 act as a magneticaUy activated tofce. 
«, VaiyinElevcls.offecdbacfccatrentwittresnltinpr«>portio^ 
* * all/v«^Blcv6Uof drag.Thisb«ten»qrbe«^l«x^ 

igj to%ani^ detents, stops, or other frnns of refleclrvc 

feedback. 

In a similar niffimCT, a second actnator may be provided 
m 55 that in response to a second feedback sigoal i^brts the 

ill moranent of ti«mibpiec» 28 along ram niembcr Zfl^afi 

fflustrated in BIG. 12. Arm njember 20 has Iff ovidM 
a sliding b ar 90 having a first end coupled to ttonbpiece 38. 
Iron «^ 92is cmq>ledto ffimniEmba: 20 B^d^positio^d 
40 in a re©on prcEdniate to a second eaid of bar 90 M^netic. 
caa94^wiindaronndfcmniscare92.Asecondfee<tt2ci^ 
cuirait provided to ccA 94 win induce a magnetic attrartion 
between ba^ 90 and agamst core 92, thereby resulting in an 
increased Mctional coopHng between bar 90 ax^ *^f^ 
45 This increased fdctioxml coupling TOiffts the sliding motion 
of thonibpiece 28 along annincmbar 20. Note^^^ 
embodiments shaft 40 (FIG, 3A) (not shown in FIG- 32f or 
simnlicity) may also serve Ihc same function as bar 90 m 
a^on to being part of the longitudinal sensiag structure or 
5Q armmember 20, *_ ^ • 

The embodiments desctabed above and iUnst^ed m 
FIGS 11 and 12 would, for instance, be especially weU. 
suited for use wlfli ^pHcatLons in which it is desnable to 
TxredndB a usex fcom sheeting certain options or movmg a 
55 Wsdr into certain ieas. In a video game appbc^tioi^ far 
^ ^ancc, the^ game's , ^aractex m^^ 

entering arcstiictcd area of tiie displayed image The video 
Eame may issue feedback signals as discussed above to 
OTeaude-&e user from causing tiie character to move into the 
60 restrictBdareas.Thus,thefeedbadcsignals,byiesU^ngor 
even preventing (1) arm merabt^ 20 from prvotmg about 
point and/or (2) thmnbpiece 28 from sKdxng along arm 
member 20 duectly inform the usex he can no longer move 
in that direction. In a simflar manner, an additional artuator 
65 may be contained wifein third sensor 44 (see FIG- to 
nredude acdvation of trigger funcdons at certain pred^ea:- 
mined character positions. Unlike conventional interface 
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oantrtrf. foedbacfc systems wMch lisp Aafiinng Hg^ 
to warn users of an iuipiup er selection or movcmBnt, the 
dtxGCt foice-rcflcctiiig feedback described above, by pre^ 
venting the user from effecting certain positioning 
conmiands, provides a realistic fe^ to ^deo games and cfcer 5 

applications. 

In other ^iplications, interface control 80 (FIG. 11) may 
be used to facilitate the selection of options or icons. As the 
user moves the cursor or pointer over an icon dlisplayed on 
a screen, fecdbacfc signals generated tfy the application may 10 
simulate a detent by increasing the factional coupling 
between arm member 20 and sidewaU 16& and between 
fhumbpiece 28 and arm member jW, as described above with 
reference to FIGS, n and 12, w^cn tijc oirsor or pmnto: i^ 
.positioned, near or ovcxl^s certain icons displayed on the ^ 
screen. This simulated detent varies the amount of force fee 
user must exert to effect fur&er positianing changes in 
certain directions, Lc, the detent may either make it easier 
or harder for the aser to cause the cursor to pass across the 
icon. In this manner, the user can 'teeL" -when he or she has 20 
reached a particalar icon (or any other spedt&c screen 
location). 'J^ns simnlaicd detent may be deactivated '^en, 
^} foF-instance, fee icon has-been selected -or when fee cursor 

has passed over the icon. ^ 

The actuators discussed above may oomprise a solenoid, 
a scrvomotar, or any other suitable device Impwn in the ait 
which generates a force in response to electric signals. The 
actuators may also cmgploy shs^e^memoscy alloys, pipzo 
ceramics, or dectro-ihcological con5>annds. Further, motor- 
type actuators may be employed to augmsnl or restrain 
motion. - 

In ofecx cmbodimeats, the actnators discussed above may 
used to actrvate and deactivate electrically controlled detents 
so as to jHTovidc tactile cUcfc stops in the pivoting motion of ^ 
arm member 20 (FIG. 2) about point 22 or in the linear 
motion of thumbpiece 2S along arm meanber 20. These 
1^ detents may be logical^ cocrelated vnlh specific targets <h- 

ij;, cptions on a display screen such that once a partjcnlar option 

is selected, its coiresponding detent is derlri rally dcactir ^ 
vated. Adaptive feedback of this type can be very elective 
in makinB fee above-described controls mere intnitrve. 

Embodiments of the present invention may also be 
eqo^ped with a spring refnm mechanifim. 'Witfa reference to 
interface control 10 (FIG. 2), a centering spring may be 45 
coupJed to araimemLbcr 20 wbich causes arm member 20 to 
return to its center position whenever aim member 20 has 
deviated &om the center position by exrrting pressure on 
arm member 20. A manually controlled latdi noay also be 
provided which engages the centedng spdng to and discn- 50 
gag^ fee centering spring from arm riicmbcr 20 so as to turn 
on and off fee centering mechanism.. Such a centering 
xoechanism is useful in Eqjplicatiohs requiring proportional 
control (i.e^ a convenrional joystick) rafecr than absolntc 
control Ol-c, a mouse). The centering spring may also be 55 
. electrically actuated by an external signal from fee inter- 
faced device (i.e, rcomputec, video game, and so on). Indu- 
sidn of such an electricaDy actuated spring allows fee 
interfaced device to witch fee controller between two 
modes of operation (spring centering and non-centcnng), as go 
fee particular ^?plication may require. Id a similar manner, 
ah additional centering spring may be coupled to feumb- 
piece 28 to provide proporripnal control in fee vertical 
dlrcctioh. 

While particular embodiments of fee present invention 65 
have been shown and described, it will he obvious to feose 
skilled in fee art that changes and modifications may be 
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